Figure 1. A representation of the expansion of the universe and its acceleration, as observed today. (Image courtesy of NASA.)
with Gravity Recovery and Climate Experiment space mission data, 3, 5, 6 will provide frame-dragging measurements with an error of about 1%. This represents an order of magnitude improvement on previous measurements made with the Laser Geodynamics Satellites (LAGEOS).
LARES, like LAGEOS, does not have power or communication systems. The satellite, however, is covered with retroreflectors and we track its motion using the International Laser Ranging Service. We use the time of flight of laser pulses, sent to the satellite and reflected back to the ground station, to determine the distance to the satellite with an error of only a few millimeters.
Experimental verification of geodesic motion (inertial motion of test particles) is critically important to general relativity and other fundamental physics theories. Although our LARES frame-dragging measurements will last several years, we have already shown that the orbit of the satellite is closer to the geodesic motion predicted by general relativity than any other artificial satellite. After considering the known non-gravitational
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perturbations (e.g., radiation pressure, particle and thermal drag), we find 8 the orbit of LARES has a residual mean acceleration of less than 0:5 10 12 m/s 2 . Satellites similar to LARES can therefore be used for further experimental tests of gravitational and fundamental physics.
We have combined state-of-the-art technologies and a simple satellite design to achieve the high measurement accuracy of LARES. 9 The passive satellite is spherical in shape and built from a tungsten alloy that has never been used in a satellite before. The alloy we chose has 1.5 times the density of lead, as well as resistance and hardness values comparable to those of steel. LARES has the highest average density of any orbiting object in the solar system. Another aspect of our innovative design involved constructing the sphere from a single block of the alloy, which allowed us to reduce orbital perturbations caused by thermal thrust.
The LARES satellite will be used to accurately verify the phenomenon of frame-dragging that is predicted by general relativity. In addition, results from LARES can help test string theory. Using measurements from LAGEOS, a lower limit to the so-called Chern-Simons mass was estimated. The Chern-Simons mass is thought to be related to fundamental parameters, such as the temporal variation of a cosmological scalar field that is potentially connected to quintessence. 10 Some cosmologists and theoretical physicists believe that the orbit of a satellite will experience additional drift, which is predicted by string theory. Using LARES measurements, we hope to improve the estimate of the Chern-Simons mass lower limit and provide experimental constraints on string theory. 
Author Information
Ignazio Ciufolini
